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COMPLETE SPECIFICATION 
Control Device for Vertical Landing 



We, Societe Nationale d'Etude et de 
Construction be Moteurs deviation, a 
French body corporate, of 150 Boulevard 
l-Iaussmann, Paris, France, do hereby declare 
5 file invention, for which we pray that a patent 
may be granted to us, and the method by which 
it js to be performed, to be particularly des- 
cribed in and by the following statement: — 

During vertical landings made by aircraft 
10 and die like which are specially designed for 
this method of use and which are generally 
jet-propelled, the instantaneous values of the 
speed and the acceleration (negative) or of 
descent, depend on the ratio of the thrust of 
!5 the propulsive unit, directed upwards, to the 
weight of the device. The mechanical resist- 
ance of the landing gear requires that the speed 
of the device at the moment at which it comes 
into contact with the ground/, does not exceed 
20 a certain limit. In practice, it is prefer- 
able to land at a speed in the vicinity of 
zero. 

The present invention has for its object a 
device which can be put into action below a 

25 certam altitude in order to enable the thrust 
to be regulated with a view to obtaining this 
low or zero landing speed. This device com- 
. prises a detector of the altitude and of its 
variation as a function of time, that is to say 

30 of the speed of descent, as well as a means for 
comparing the instantaneous values of the alri- 
tude and the speed, diis comparison device 
making it possible to verify that the instantane- 
ous values of the altitude and the speed corre- 

35 spend to the law of variation which has already 
been fixed in order to obtain a low or zero 
speed when landing. 

In order to obtain an automatic action on 
the thrust, a device of this land may be com- 

40 bined with a motor which acts on the control 
member of die propulsion unit so as to cause 



The description which follows below with 
regard to the attached drawings (which are 
given by way of example only , and not in . any 
sense by way of limitation) will make it quite 
clear how tne invention may be carried into 50 
effect the special features which may be 
brought out, either in the drawings or in the 
text being understood to form a part of the 
said invention:. 

. F f s * 1 aQd 2 are two explanatory diagrams 55 
of a law of variation of the speed and the Sru^t 
.as a function of the altitude, this law serving 
as a basis for a preferred form of embodiment 
or the invention. 

- Fi f* 3 is / diagrammatic view in elevation 60 
of a form of construction of a detector of the 
instantaneous values of the altitude and of the 
speed of descent. 

for^i g ^ 4 iS u a j!»gra™iatfc view in plan of a 
form oi embodiment combined with automatic m 
correction of the thrust ^wwduc 65 

th7i}f;t^ agram ° f JF* 1 **s.been drawn with 
S^ mde \ aS ? rd ™s and the values corre- 
1 • the £ stant **eous speed of descent 
as the abscissa.. The ordinate s Q of the point A (70 
is the altitude a t which the device wfafch wiS * 

There has been drawn in a full line from A to 
b (the point of impact with the ground at zero 
speed) an ideal law of descent, for which Se 7< 
vertiad speed of descent of the dev^ whS V 
has the value v 0 at the altitude 5,, decreases in 
R a 5."* <*own to zero at the point 
th a ?^ Ch the device touches * e ground so 

Seot 6 tn^ ntane ° US aldtude s and * e ^stan- 80 
taneous speed v are connected by the relation 

V— S. 



r „E T J? S e 3 uat f on is taken ta the limit with 
me thrust to vary WZZZi Z teeS; . ^'dSf^ft^flS? 
-depending on the instantaneous difference of tion 4k31ffi , ^'» 85 
die speed of descent with respect to the pre- die total" weight ofXdevice Jffi by 
45 determined law. by Mj ^ £»J *«* its mass 

\Price 3s. 6d.] 
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F-P 

iVL " : 
F=P-s-M 



-s, that is to say: 



CrO 



The diagram of Fig. 2 shows from A 1 to B 1 
(A 1 corresponding to the altitude s u and B 1 to 

» 5 the pomt of impact witii the ground) the .varia- 
tion of the instantaneous.. thrust as a function, 
of the altitude for landing at zero speed. Above 
the altitude s c , the descent v/as made with a 
thrust inferior to the weight. When the altitude 

10 s 0 is reached^ the thrust is regulated to a maxi- 
mum value: 



F mas =P + M 



after which it is reducedrin. a linear manner 
down to the point B 1 at which it should exactly 
15 balance the weight P. 

The altitude detector which is shown in 
:„Fig.;3. comprises, dii the device, a drum 1 
•i .mounted on ! a shaft 2 which can rotate in the 
- bearings 3 and is coupled to a motor 4..'/ The 
20 drum 1 serves to wind up a wire 5 one end 
. n 6 : of- which is attached to the drum, a weight 
7 being fixed on the other end. The length of 
the wife between its two extremities is* equal 
to the altitude So. I he motor 4 is designed so 
25 as to apply to the drum 1 a torque tending 
to wind up the wire 5,, but only just sufficient 
to withstand the opposing couple applied to 
the drum by the weight 7. On the; other hand, 
the shaft 2 is provided with a threaded portion 
30 acting on a nut 9 which is laterally guided 
• ; ; and . displaces a cursor 10 which ; co-operates 
with the fixed resistance 11 of a potentiometer, 
iso that the difference of potential at die ter- 
. . • minals 12 is variable with the position cf the 
35 nut 9. ■ 

A/ little before the device arrives at the 
altitude s Q during its descent, the ' wire 5 is 
completely unwound and, at that moment, the 
, nut 9 occupies its extreme left-hand position 
40 for which the cursor 10 is on the left-hand 
. extremity of the potentiometer 11, giving zero 
potential at the terminals 12. From the 
moment at which the weight 7 touches the 
ground, at altitude s 0 , the motor 4 winds up the 
45 wire 5 as and when the altitude diminishes, and 
the cursor 10 is displaced at the same time 
towards the right, thus causing the potential to 
increase across the terminals 12 in proportion 
to the .altitude. The detection of this potential 
50 enables the-iiistatitpiieous altitude to be deter- 
mined. The detection of the variation of this 
potential as a function of the time, for exam- 
ple by means of a differential electric circuit ' 
known per ss, or by means of a tachometer, 
55 enables the instantaneous speed of descent v 
to be obtained. The comparison of the values ' 
of v and of 5 with respect to the law which has 
been previously fixed, enables die differences 
of v to be determined and the thrust to be 



ccrrected in die corresponding ihariner so as 60 
to bring v bnck to the desired valuer %. ? 

The wire altimeter -'which > has \ been :- des- 
cribed above may, ox course, be .replaced by 
any other type of a iri nieter, (a precision 7 ; alti- 
meter). ; ? 55 

Fig. 4 s shows a device which acts' . automati- 
caUy on. the thriisr. The potentiometers 13 and 
.14, supplied frcrn a common source 15, are 
mounted, in a Wh eats tone bridge connection. 
The cursor 13a and 14a of these potentiometers 70 
are in the diagonal of this bridge together 
with tlie input^terniinals 16 of an electric 

: . amplifier 17. The cursor 13a is displaced in 
proportion to the variation of altitude between 
s„ and* the ground. It may be moved, for exam- 75 
pie, in such manner that its distance to the 
origin 18 of the potentiometer 13 is propor- 
tional to- the potential appearing at the ter- 
minals 12 in the connecnon shown in Fig. 3, 
that is to say to the instantaneous value of the 80 

'altitude, or again it may be coupled to the 
moving nut 9. 

" The cursor 14a is displaced in such manner 
that its; distance to the origin 19 of the poten- 
tiometer 14 is proportional ro the instantaneous 85 
value of the speed of descent z?. The. cursor 14a 
may be displaced, for example, by .the differ- 
entiating circuit generating a potential propor- 
tional to the derivative with respect to time of 
the potential appearing at the terminals 12 in 90 
the system shown in Fig. 3. 

In this way,, when the positions cf the cursor 
13a and 14a correspond with each other in 
accordance with, the chosen kv/ relating the 
altitude to the instantaneous speed* the bridge 95 
is in balance and no current flows towards the 
terminals 16. 

The potentiometer IS and a third poten- 
tiometer 20 are connected to form a second 
Wheatstcne bridge which can be supplied by 10O 
the same source 15 as the .first bridge (the 
positive and negative terminals cf this source 
being respective;} 7 ccupled to the positive and 
negative terminals of the potentiometer 20). 
In the diagonal 0; tiiis second bridge are 105 
mounted ,tx) cursor I3a and the cursor 21 of 
tlie potentiometer 20 together with two .further 
input terminals 22 of the amplifier 17, the 
latter being arranged so as to. pass into a cir- . 
cuit 23 ccupled to its cutout terminals 24 a xiO 
current which is proportional to the algebraic 
sum of the currents "passed in at 16 and 22. 
The circuit 23 comprises an electric motor 25 
arranged so as to rotate in one direction or in 
the ether, depending cri die' direction, of the 115 
current in the circuit 23 and ccntrolfihg. for 
e::arriple. by menns of an endless screw 26 and 
a toothed segment 27, rhe rotation of the cursor 
21 as well as die movement. of . a rod system 28 
which acts on the control member of the reac- 120 
tion unit (e.g. the fuel admission lever) that is 
to say on the value of the thrust. 

The members are so arranged that the bridge 
13 — 20 is in balance when the position of the 
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rod system 28 coupled to die cursor 21 corre- 
sponds to die production by die reaction unit 
ot a thrust F which is related to the instan- 
taneous value of the altitude 5 by the law which 
5 has been determined: in advance. 

When the cursor 13a and 14a are moved 
along the bridge 13—14 following the desired 
law which connects v to s, the terminals 16 
do not receive any current. On the other 
10 hand, tne movement of the cursor 13a 
causes small fluctuations of current to be 
impressed on the terminals 22 and the motor 
25 is thus energised each time so as to dis- 
place die fuel-supply lever and the cursor 21 
15 with a view to restoring constantly the balance 
of the bridge 13—20, the thrust thus following 
the law which has been fixed to relate its instan- 
taneous value to that of the altitude s. 

If, at any given moment, the bridge 13 14 

20 is unbalanced because the speed of descent 
differs from the value required, a supplement- 
ary fluctuation of current appears in the cir- 
cuit 23 and this fluctuation acts on the motor 
25 so as to modifv the value of die thrust widi 
25 a vie\v to correcting the difference in speed. 
It will of qourse be understood that any kind 
or network-corrector device may be added' 
between the amplifier 17. and the motor 25 
so as to compensate for the delay which exists 
30 between the appearance of a control current at 
the terminals 16 and the corresponding modi- 
ncatioa of the thrust 1 

It will also be obvious that modifications 
may be made to the devices which have just 
35 been described, in particular by the substitu- 
tion of equivalent technical means, without 
thereby departing from die scope of the present 
invention. In particular, die case may be con- 
ceived in which the bridge 13—14 would be 
40 used alone and the thrust control device would 
then be actuated by hand in order to maintain 
constandy at a zero value the current at the 
terminals 16. These terminals would then be 
those of a visual indicator": responsive to the 
45 direction' of the out-of-balance current in the 
bridge 13 — 14. ; 
What we claim is : — 

1. A device for controlling vertical landing 
c „ °i and me like, comprising a detector 

ot altitude and of its variation as a function 
of time, that is to say of the speed of descent, 
together with means responsive joindy to the 
instantaneous values of die altitude and the 
speed, means being used to verify that the 
55 instantaneous values of die altitude and the 
speed correspond to a law of variation which 
has been pre-determined in order to obtain 
a low cr zero speed when landing. 



2. A control device in accordance with Claim 

1 in which the said altitude detector comprises 60 
an altimeter adapted to displace a potentio- 
meter cursor as a function of the altitude and 
a differentiating arrangement displaces a fur- 
ther potentiometer cursor proportionally to the 
variation of the altitude as a function of time, 65 
the two potentiometers being mounted in a 
wheatstone bridge connection, the said bridge 
being in balance when the desired law is com- 
plied with. 

3. A control device in accordance with Claim 70 
2, m which the said altimeter comprises a 
plumb line loaded by a weight, the lengdi of 
the said line being equal to the altitude at 
which die control of the descent must be 
initiated, the winding up of the said line during 75 
the course of descent being adapted to act on 

a potentiometer which thus supplies a potential 
which is variable as a function, of the altitude. 

4. A control device in accordance with any 
one of the preceding dain»;^id-'\vfaich the 80 
various members are arranged so as to comply 
with a law giving a reduction in the speed of 
descent which is proportional to the reduction 

in the altitude. 

5. A control device in accordance with Claim 85 
1 or Claim 2, in which the said altitude detec- 
tor is combined with a motor adapted to act 
on the control member of die propulsion unit 

in such manner as to vary automatically the 
thrust, either positively or negatively in 90 
dependence on the instantaneous difference 
between the speed of descent and the speed as 
fixed by the pre-determined law. 
r , 1 6 : \ control device in accordance with 
Uaim 5, in which a. potentiometer the cursor 95 , 
ot which is displaced as a function of thrust 
is mounted in Wheatstone bridge connection 
witn the potentiometer, the cursor of which is 
controlled as a function of the altitude, the out- 
of-balaiKe current;of this bridge, together with 100 
the out-of-balance current -of the first- 
mentioned bndge which compares- the speed 
and the altitude, being arranged to act on a 
motor which controls the operating conditions 
ot the reaction unit. lfj5 
. 7 ' A device for controlling the vertical land- 
ings of aircraft and the like, constructed and 
arranged substantially as described herein 
with reference to Figure 3 or 4 of the accom- 
panying drawings. 

^ r * For t* 16 Applicants: 
F. J. CLEVELAND & COMPANY, 
on o , Char tered Patent Agents, 
29, Southampton Buildings, Chancery Lane, 
London, W.C.2. 
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